A new 16-membered macrolide named aspergillide D (1), along with six known compounds, including two polyketones (2-3) and four alkaloids (4-7), were isolated from the culture broth of a marine-derived fungus Aspergillus sp. SCSGAF 0076. The structure of 1 was elucidated on the basis of NMR and mass spectra. Compound 5 showed an obvious inhibitory effect on influenza virus strains H1N1 and H3N2.
Coral-associated microbes have important roles in their hosts and coral reef ecosystems [1] . They are considered to provide chemical defensive substances to protect their hosts from disease and harmful organisms [2a,b] , and regarded as potential sources of bioactive compounds [2c,d] . Continuous chemical study of the extract of the gorgonian-associated fungal strain Aspergillus sp. SCSGAF 0076 led to the isolation of three polyketones, aspergillide D (1), (R)semivioxanthin (2) [3a] , (R)-semixanthomegnin (3) [3b] , and four alkaloids (4-7), 5-(1H-indol-3-ylmethyl)imidazolidine-2,4-dione (4), 9α,14-dihydroxy-6β-p-nitrobenzoylcinnamolide (5) [3c], 7α,14dihydroxy-6β-p-nitrobenzoylconfertifolin (6) [3c] , and azonazine (7) [3d]. Compound 1 was a new 16-membered macrolide, 3 was obtained from a fungus for the first time, and 4 was a new natural product with its NMR spectra reported for the first time.
The molecular formula of compound 1 was determined as C 16 H 28 O 5 by HRESIMS (m/z 323.1828 [M+Na] + ), indicating three degrees of unsaturation. The 1 H, 13 C NMR and DEPT spectra revealed the presence of one methyl, one ester carbonyl group, two olefinic methines, four oxygenated-methines, and eight aliphatic methylenes. These data accounted for two double-bond equivalents, indicating the ring structure shown in 1. The large coupling constant between H-2 and H-3 (J 2-3 = 16 Hz) revealed that the double bound between C-2 and C-3 was trans. The presence of a series of 1 H-1 H COSY and HMBC correlations established the substructure of C13-C1-C6 (-C 10 H 16 O 5 -). The remaining six aliphatic methylene carbon signals (δ C 22.9-27.8) and 12 highly overlapped proton signals (δ H 1.45-1.13) were unclearly assigned. However, referring to the NMR data of some macrolides [4, 5] , it was easy to infer that these six aliphatic methylenes (-C 6 H 12 -) connected with each other, and that 1 should have the planar structure as shown. The relative configuration of compound 1 was further determined by the NOESY spectrum. NOE correlations between H-4 and H-5, and the small coupling constant between H-4 and H-5 (J 4-5 = 2.6 Hz) indicated that H-4 and H-5 were on the same side isolated from fungi and bacteria, respectively. These macrolides usually exhibited antibacterial activity [4, 5] , but aspergillide D showed no antibacterial activity against either Escherichia coli or Staphylococcus aureus in our test. Compounds 5-7 were tested for inhibitory effect on influenza virus strains H1N1 and H3N2 in CPE assay [6a] . Compound 5 exhibited an obvious inhibitory effect on influenza virus strains H1N1 and H3N2, with IC 50 values of 7.4 and 4.3 μM, respectively. Compound 6 produced IC 50 values of 36.0 and 12.0 μM, respectively, while 7 had no activity. Previous study reported that 5 had strong cytotoxicity [3c]. This is the first report on the antiviral activity of compounds 5 and 6. Bao et al.
Fermentation and extraction:
The strain was cultivated on PDA agar medium. A spore suspension and mycelium were inoculated into a 500 mL flask containing 150 mL liquid medium consisting of 2.0% sorbic alcohol, 0.3% yeast extract, 2.0% maltose, 1.0% monosodium glutamate, 0.05% tryptophan, 0.03% MgSO 4 . 7H 2 O, 0.05% KH 2 PO 4 , and 3.0% marine salt (pH 6.5). After a three-day cultivation at 28 o C with shaking at 200 rpm, 10 mL of the seed culture was transferred into a 1 L flask containing 300 mL liquid medium, as above. The flasks were further inoculated statically at 28 o C for 30 days. The 40 L fermentation broth was filtered through cheesecloth to obtain broth supernatant and mycelia. The former was extracted with ethyl acetate, while the mycelia were extracted with 80% acetone. The acetone extract was evaporated under reduced pressure to afford an aqueous solution, and then extracted with ethyl acetate. The two organic extracts were combined to give a crude gum (14 g).
Isolation and purification:
The crude extract was subjected to Rp-18 reverse-phase CC eluting with H 2 O/MeOH (v/v 95:5-0:100) to give 10 fractions (Fr.1-Fr.10). Fr. 1, Fr.2, Fr.3, and Fr.7, isolated from H 2 O/MeOH (v/v 70:30, 60:40, 60:40, 30:70, respectively) , were subjected to a Sephadex LH-20 column eluting with CHCl 3 /MeOH (v/v 1:1) to obtain 5, 4, 3, and 3 subfractions, respectively. Fr.1-1 was further purified by semipreparative HPLC with MeOH/H 2 O (v/v 25:75, 3 mL/min) to yield 4 (t R = 29.8 min, 3 mg). Fr.2-1 was further separated by repeated Sephadex LH-20 CC eluting with CHCl 3 /MeOH (v/v 1:1) to yield 3 (2 mg). Fr.3-2 was applied to silica gel CC, eluted with CHCl 3 /MeOH, with final purified by semipreparative HPLC with MeOH/H 2 O (v/v 47:53, 3 mL/min) to yield 6 (t R = 23.2 min, 5 mg). Fr.7-1 was subjected to Sephadex LH-20 CC eluting with CHCl 3 /MeOH (v/v 1:1) to give 2 (50 mg). Fr.4, obtained from H 2 O/MeOH (v/v 50:50), was subjected to silica gel CC eluting with CHCl 3 /MeOH (v/v 100:0-50:50) to give 4 subfractions. Then Fr.4-3 was subjected to a Sephadex LH-20 column eluting with CHCl 3 /MeOH (v/v 1:1) to give 5 subfractions. Fr.4-3-3 was further purified by prep. TLC to yield 1 (1.5 mg) and 5 (10 mg). Fr.4-3-5 was applied to a Sephadex LH-20 column eluting with CHCl 3 /MeOH (v/v 1:1) and then purified by semipreparative HPLC with CH 3 CN/H 2 O (v/v 27:73, 3 mL/min) to yield 7 (t R = 29.5 min, 2 mg).
Antiviral assay:
Compounds 5-7 were tested against influenza virus strain A/WSN/33 (H1N1) (a M2-resistant strain) and strain A/Hong Kong/8/68 (H3N2) (a M2-sensitive strain) by CPE assay to determine their effect against virus replication in cell MDCK [6a] .
Compound 1
While amorphous solid.
[α] 20 D : 11 (c 0.1, MeOH). IR (KBr) ν max : 3407, 2928, 2856, 1709, 1646, 1456, 1276 cm -1 . UV λ max (MeOH) nm (log ε): 211 (3.85). 1 
